Real-time imaging of neurons retrogradely and anterogradely labelled with calcium-sensitive dyes.
Membrane-impermeant calcium indicator dyes were used to retrogradely label dorsal root ganglia, spinal motoneurons and interneurons in the spinal cord of the chick embryo. The dyes were also used to label anterogradely primary afferent axons in the spinal cord and synaptic endings in the ciliary ganglion. Labelled neurons were imaged using digital videomicroscopy. Motoneurons and dorsal root ganglion cells exhibited a frequency-dependent change in fluorescence during antidromic stimulation. Single antidromic stimuli resulted in fluorescence transients that could be resolved in individual cells in real time. In addition, fluorescence changes could be recorded in motoneurons during episodes of bursting generated by rhythmic synaptic inputs from premotor networks. Stimulus-induced fluorescence signals were also detected in axons and synaptic endings labelled anterogradely. Optical signals were largely abolished in the absence of extracellular calcium. The results show that calcium changes can now be measured in identified populations of neurons and presynaptic terminals. The strong dependence of these signals on impulse activity suggests that the technique will be useful for monitoring the activity of identified neuronal populations. The calcium-dependent fluorescence signal probably results from cytosolic dye derived from diffusion which may limit the technique to situations in which the dye can be applied close (< 1 cm) to cell bodies.